ML63L7PCT 



10/5 



Fig. 1 



1/18 



(alK 



(blK 



(cl)~ 



Preparation of silicon single crystal ingot at 
predetermined pulling-up speed 



Preparation of sample for measurement including regions 
[V], [Pv], [Pi] and [I] from ingot 



Division of sample for 
measurement at central axis 
symmetry 



First sample 



1 



Staining with first transition 
metal (Cu or Fe) 



L 



Second sample 



Staining with second transition 
metal (Ni or Co) 



(gi)- 



(el) 



(fl)' 



Diffusion thermal treatment of 
transition metal (600 to 1150°C 
X 0. 5 to 30 hours) 



Measurement of recombination 
lifetime 



Vertical Measurement of first sample is overlapped with 
vertical measurement of second sample 



(hi)- 



Boundary of regions [V] and [Pv] and 
boundary of regions [Pi] and [I] are 
identified 



ML6317PCT 



2/18 



10/531434 



Fig. 2 



O 

O +J 

•T-t U 

+-> <D 
CO <+-( 
>H CD 

-a 

c 

CD 

o o 



—[I] 

B band region 



•[p] 



[Pi] 



[Pv]- 




-[V]- 



>ISF nuclei forming region 
(P band region) 



Small 



Criticality 
(V/G) r 



(V/G) 4 (V/G), ^ (V/G) 2 (V/G) 3 



Large 



ML6317PCT 



10/531434 





ML6317PCT 



10/531434 



4/18 



Fig. 4 



First sample 



Second sample 




OISF region 
(P band region) 



B band region 



ML6317PCT 



10/531434 



5/18 



Fig. 5 



Ni staining 

Ni staining (etching 

treatment) 



OISF 



[P] 



B band 




-100 



Small 



-50 0 50 100 
Distance from sample center (mm) 
V/G ratio ^ Large 



10/5 31434 



6/18 



Ni staining (etching 

treatment) 
Cu staining 



B band 



1000 F 



100 




-100 



Small 



-50 0 50 100 

Distance from sample center (mm) 
V/G ratio ^ Large 



ML6317PCT 



JO/531434 



Fig. 7 



7/18 



Preparation of silicon single crystal ingot at 
predetermined pulling-up speed 



(a2)< 



Preparation of sample for measurement including regions 
[V], [Pv], [Pi] and [I] from ingot 



r 



(b2)< 



Division of sample for measurement at 
central axis symmetry 

j ' — 



First sample 



(c2)' 



1 



Cu staining 



(e2) 



Second sample 



Fe staining 



Diffusion thermal 
treatment 



(f2) 



Diffusion thermal 
treatment 



Measurement of 
recombination lifetime 



(d2) 



(e2) 



Measurement of 
recombination lifetime 



J L 



Vertical measurement of first sample is overlapped 
with vertical measurement of second sample 



1 



(g2) 



Vertical measurement of 
concentration of Cu by 
TID 



U2) 



(k2)' 



Preparation of correlation 
function of concentration of Cu 
with recombination lifetime 



Vertical measurement of 
concentration of Fe by DLTS 



02) 



Preparation of correlation 
function of concentration of Fe 
with recombination lifetime 



*(12) 



(m2) 



Boundary of regions [V] and [Pv] and 
boundary of regions [Pi] and [I] are 
identified 



ML6317PCT 



10/531434 



8/18 



Fig. 8 




Fig. 9 



ML6317PCT 



Fig. 1 0 



9/18 



10/531434 




ML6317PCT 



10/531434 



10/18 



Fig. 1 1 




ML6317PCT 



10/5 314 34 



11/18 

Fig. 1 2 




ML6317PCT 



10/5 31434 



Fig. 1 3 



12/18 



C 



(a3K 



V 



Preparation of p-type silicon single crystal 
ingot at predetermined pulling-up speed 



Preparation of sample for measurement including regions 
[V], [Pv], [Pi] and [I] from ingot 



Sample for measurement 



(b3) 



(c3) 



(d3) 



(e3) 



(f3) 



Staining with 
transition metal 



Diffusion thermal treatment of 

transition metal 

(600 to 900°CX0. 5 to 4 hours) 



Thermal treatment forming metal 
silicide 

(450 to 550°CX0. 5 to 4 hours) 



Dissolution thermal treatment 
(900 to 1100°CX0. 5 to 4 hours) 



Measurement of concentration of 
recombination center 
Calculation of correlation function 
from measurement result 



(j3) 



(k3) 



(g3) 



(h3) 



(i3) 



Measurement of diffusion length of 
minor carrier 



Injection of heat or optical 
energy 



Measurement of diffusion 
length of minor carrier 



Calculation of difference of diffusion length of minor carrier 
in steps (g3) and (i3) 



Regions [Pv] and [Pi] are identified from correlation 
function in step (f3) and difference of diffusion length 
of minor carrier in steps (j3) 



ML6317PCT 



10/531434 



13/18 

Fig. 1 4 




(b) 



ML6317PCT 



10/531434 



Fig. 15 



14/18 



bo 



CO 

w 

CD 
O 

c 
o 



CO 

Jh 

+-> 
c 

CD 
O 
C 

o 



5. 0X10 



13 



4. 5X10 



13 



4. 0X10 



13 



3. 5X10 



13 



3. 0X10 



13 



S 2.5X10 



13 



2. 0X10 



13 



1. 5X10 

i. oxio 1 

5. 0X10 
0. 0X10 



13 



13 



12 



00 



Example 1 

Example 2 

Example 3 
Comparative 
Example 1 
Comparative 
Example 2 
Comparative 
Example 3 
Comparative 
Example 4 
Comparative 
Example 5 






—a — 




A 


A 


A 





A 


A 

X 




A 

X — 


X 










m — 


— x — 

— n 


EH 




X 


X 


X 


X 

13 








— m — 


13 


m — 


H3 




10 


20 


30 


40 


50 


60 


i 

70 


80 



Fig. 1 6 



Distance from wafer center [mm] 



c e 

.rH I 1 

CO 

+-> 

w 

CD 

o 



o 



CO 

u 

CD 
CJ 

c 

o 



1. OX 10 



14 



1. 0X10 



13 



1.0X10 



12 



0 mm from wafer center 
50 mm from wafer center 




CD 
. — i 

cx 



CO 
CD 

Q. 

S 



CD 




CD 




CD 




CD 




> 




> 




> 




> 




•r-( 






OJ 


• iH 


CO 






-M 




+-> 




+-» 




+-> 




n3 


CD 


CO 


CD 


CO 


CD 


CO 


03 


Jh 


1 — ( 


J~l 






. — i 


»h 




CO 


Q. 


CO 


Q. 


CO 


Q. 


CO 


a. 


cl 


e 


Q. 


B 


Q. 


B 


CL 


s 


6 


co 


S 


CO 


6 


co 


s 


CO 


o 


X 


o 


X 


o 




o 


X 


o 


UJ 


o 


CJJ 




iS 


o 





♦*H LO 

CO CD 

U — h 

co a. 

Q. E 

B co 

o x 

o tu 



Condition of thermal treatment 



ML6317PCT 



10/531434 



15/18 

Fig. 1 7 



lAAv i Region with high concentration 
^ > ^ » of Fe recombination 




Region with middle concentration 
of Fe recombination 

Region with low concentration 
of Fe recombination 



Fig. 1 8 




k ^ Region with high concentration 
of Fe recombination 

j Region with middle concentration 
1 of Fe recombination 



Region with low concentration 
of Fe recombination 



ML6317PCT 



10/531434 



16/18 



Fig. 1 9 



Region with high concentration 
of Fe recombination 



n Region with middle concentration 
4 of Fe recombination 




EZ3 



Region with low concentration of 
Fe recombination 



Fig. 2 0 



Region with high concentration 
of Fe recombination 




l;.;.; ; Region with middle concentration 
^ : : : : • I of Fe recombination 



EZZ1 



Region with low concentration 
of Fe recombination 




ML6317PCT 



10/531434 



17/18 



Fig. 2 1 




i v v v i Region with high concentration 

INN N l of Fe recombination 

l».v.v...<i Region with middle concentration 

i : ; : ; : iv; : ; : i of Fe recombination 



Region with low concentration 
of Fe recombination 




Fig. 2 2 



Region with high concentration 
of Fe recombination 

Region with middle concentration 
of Fe recombination 

Region with low concentration of 
Fe recombination 




ltfL6317PCT 



20/531434 



18/18 

Fig. 2 3 




